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Abstract: The electric quadrupole moment (EQM) of a nucleus is an important parameter used to determine the
departure of the nucleus from its spherical shape. Besides the study of the nucleus, determination of the EQM value
finds applications in solid state physics and in other areas such as chemical, medical and biological sciences. This
paper focuses on a method developed for the calculation of nuclear structural properties of light nuclear systems
which is used here to calculate the nuclear electric quadrupole moment for the ground state of 7lithium nucleus. In
this approach the required anti-symmetrized nuclear wave function is constructed by using combination of shell
model, cluster model, resonating group method, generator coordinate method, and the complex generator coordinate
technique. The ground state of 7li nucleus is considered as a nuclear system consisting of one alpha cluster, one
deuteron cluster and a neutron cluster. The wave function is written by taking internal spatial function, spin, and iso-
spin functions where arguments of the internal function of clusters include the parameter coordinates and generator
coordinates. The consideration of the parameters viz., total angular momentum, spin, and definite parity of the
nucleus makes the approach inclusive. While the relative motion wave functions are taken into account between the
alpha cluster and deuteron cluster and secondly between the alpha cluster and neutron cluster. The potential chosen
in this approach is the Wood-Saxon potential which is somewhat between harmonic oscillator potential well and
square well potential. By incorporating all the aforesaid inputs, a matrix of 7x7 order is constructed which leads to
the calculation of EQM of 7lithium. The results compared with the available experimental and other theoretical data.
The present value of EQM is found in good agreement with experimental data.

Keywords: Quadrupole moment ¢ Cluster model wave function « resonating group method * complex generator
coordinate technique

Introduction There are various methods for determining
The nuclear electric quadrupole moment (EQM) nuclear shape, but we have focused on the
measures the deviation of charge distribution interaction of nuclei with fast charged particles,
from a spherical shape and thus provides i.e., electron scattering (Meyer et al 1959). In
information about nuclear shape (Schiller and electron scattering experiments, the
Schmidth 1935). The measurement of EQM measurement of scattering cross section is
involves interaction of the nuclear charge interpreted in terms of a charge distribution over
distribution with the static charge distributions a finite radius.

of electrons in atomic and molecular systems, or
with a specified external applied electric field.
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Formulation of Electric Quadrupole moment
The atomic nuclei can be considered as a small electric charge and magnetic moment distributions (Xiao
et al 2018) (James, 1998). The electrostatic energy of a localized charge distribution described by charge

density p(x) placed in an external potential (Jackson, 1962) P(x) js
w = J p(x)®(x)dx’ 1)

Since the nucleus is of a small dimension the potential ®(x) will change by very small amount over the
nuclear volume and ®(%) can be explained in a Taylor’s series around a suitably chosen origin

o),
dzj dxj + (2)

B(x) = ®(0) + £.VH(0) +35, x;-%;

Since the electric field E = -V &€ ,Substituting in above equation and for the external field, one can subtract

13
g7 V-E Qg eq. (2)

®(x) = @ (0)— X.E(0) - 1%, (3% - ;-25[3-}% -

In this equation the first term represents the potential at x if the total charge were concentrated at the
origin and is called the potential due to monopole moment of charge distribution. The second term
represents the potential which would result if a point dipole having dipole moment equal to that of the
charge distribution within the nucleus. The third term is called the potential due to quadrupole moment of
charge distribution and other higher order terms are called multipole potentials. The Quadrupole moment
tensor Qj; is given by

Qi _J (Bxl-xj- - ?‘ESU—) p (x)d3x @)

Since the wavefunction of a stationary state has a definite parity, because of symmetry inversion for P(x)
the nuclear electric dipole moments are essentially zero. The charge density of the nucleus is cylindrically
symmetric about the z-axis. Thus, the only non-vanishing QM tensor component is Qss.

The quantum mechanical expressions for the operators corresponding is total charge, dipole moment and
QM are obtained by substituting the following

Jprdir= JZe|¥ (ryr, ———— ra)|fdir dir, —— dr, (5)
where, W (rirz ----- ra) is the nuclear wavefunction, ry ry ----- raare position coordinates of A nucleons in
the nucleus.

The expression for quadrupole moment

0 = Yros e (3xx — 8572) |W(F ————T74)|%d%ry —— diry ©)
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1
From eq. (6) the quadrupole moment is the expectation value of the operator e(Qss) in the nuclear state

P with M = J where e is the proton charge.

%{‘-P] ml S (32— p (B >
Qm = <Hy | M (7)

The unit of quadrupole moment is length?.
Calculation of Electric Quadrupole Moment

For the calculation of electric quadrupole moment of “Li nucleus in ground state first we have written the
cluster shell model wavefunction (Sinha and Sinha 2021) by assuming that it is made of one alpha (2p
and 2n) cluster, one deuteron (1p and 1n) cluster and neutron cluster due to long range correlation

between protons and neutrons. The spin and parity of the nucleus in ground state is J" = 3/2. The shell
model starts from an average potential with a shape something between square well and harmonic
oscillator (Tang and Wildermuth 1977). In this case we have used a more realistic but at the same time a
complicated potential known as Wood-Saxon potential. The integral representation for the wavefunction

¢ for the ground state of 7Li nucleus is

4

¢ 3= [[ ][ [astmemw 56— 97)

&
]':_1_ =

o

exp. 13 0k — 1Q%) exp.{ T (x7 + 4ip + 2iQ)%)
X1 (R)x10(Rz) exp, [ 2a{(P+Q)? - 2P.Q} +
a R +;—}HR;2 — 2iaR,.(P-0Q) - ? aR..(P+Q) —
8a (P+Q)? dP dQ dR, dR, ®)

substituting eq. (8) in eq. (7) and solving by fitting the value of width parameters of alpha and deuteron
clusters, the calculated value of EQM is — 0.03881 barns. Here negative sign shows oblate shape of
nucleus.

Results and Discussion calculation which is - 0.03992 barns and —
In the present calculations the wvalue of 0.03978 barns (Doma et al 2020) and with one
guadrupole moment has been calculated as-O. more theoretical calculation is — 0.03935 barns
03881 barns. We have fitted the value of alpha (Sharif 2016). Our results are in good agreement
and beta parameters from the binding energy with the experimental value where EQM is 0-
calculations for the ground state of “Li nucleus .0408 barns (Raghavan 1989) and one more
(Sinha and Sinha 2022). The present value of theoretical value -.044 barns (Kahalas 1963).
EQM is compared with the theoretical The technique of writing wavefunction is
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already wused for the calculating different
parameters for *He and °Li nucleus (Sinha and
Sinha 2020) in the ground state. The
wavefunction was employed to calculate the
charge form factor for *He nucleus (Sinha and
Sinha 2019) agreement with the experimental
data. We can further use the presently developed
wavefunction to calculate charge form factor for
Li as well.

References

Doma B Salah, Salaman H A, Tfiha, Darwish
Amir (2020) The Quadrupole Moment - A
Presentation,
DOI:10.13140/RG.2.2.17294.59207

Jackson J D (1962). Classical Electrodynamics,
John Willey and Sons, Inc., New York,
London, Page101

James Cederberg (1998). Nuclear electric
quadrupole moment of 6Li, Physical Rev.
A., Vol. 57(4)2539

Kahalas S L, Nesbet R K (1963). Electronic
Structure of LiH and Quadrupole Moment
of Li’, J. Chem. Phys. 39, 529-544 (1963),
DOI: 10.1063/1.1734290

Meyer U, Berkout KW Ford and L.E.S. Green
(1959). Ann. of Phys. 8, 119.

Raghavan P (1989). AT DATA NUCLEAR
DATA TABLES 42: 189

Schiller H, and T. Schmidth, Z. Physik (1935).
Observations on the electric quadrupole
moments of some atomic nuclei and the
magnetic moment of protons 98. 430.

Sharif A H EI (2016). The Electric Quadrupole
Moments of Some p-Shell Deformed
Nuclei, Alexandria Journal of mathematics,
Vol. 6, No. 1, ISSN 2090-4320

Sinha N and Sinha P (2020) Cluster Shell Model
Wavefunction: Structure of SLi nucleus
Journal of Mountain Research, 15: 131-133

©SHARAD

DOI: https://doi.org/10.51220/jmr.v18i2.31 7 3.0\

296

< £
A /)

Sinha N and Sinha P (2021), Use of microscopic
theoretical Methods for the construction of
the nuclear wavefunction of 7 Li, Journal
of Mountain Research, 16(2), 139-143

Sinha N and Sinha P (2022), A Nuclear Electric
Quadrupole Moment Of 6Li Nucleus Using
Hyperfine Structure in Atomic Spectra,
Journal of Mountain Research, 17(1), 133-
135

Sinha P and Sinha N (2019), A charge form
factor (CFF) of °He Nucleus, Journal of
Mountain Research, 14(2): 73-75.

Stone N, (2016) At. Data Nuclei, Data
Tables 111-112, 1
Systematic  description of nuclear electric

guadrupole moments,
Vol. 42, No. 12, 124105
Tang Y.C., Wildermuth K. (1977). A unified
theory of the Nucleus, Academic Press,
New York
Hornyak W F (1993) Nuclear Structure,
Academic Press Publisher, London
Xiao-Jun Sun, Chun-Ying Chen, Ning Wang
and Hou-Bing Zhou, (2018). Systematic
description of nuclear electric  quadrupole
moments, Chinese Physics, Vol. 42, No. 12,
124105

Chinese Physics,

*khkkkkk

WoS Indexing296


https://doi.org/10.51220/jmr.v18i2.31
http://jmr.sharadpauri.org/
https://mjl.clarivate.com/search-results?issn=0974-3030
about:blank
about:blank

